The development of direct methods of recording pulmonary artery pressure by cardiac catheterization or bronchoscopically and the advance of cardiac surgery have stimulated an interest in pulmonary hypertension and have made it possible to study the relation of morbid anatomical and dynamic changes in the pulmonary circulation. In recent years there have been many reports of abnormal pulmonary vessels in patients with pulmonary hypertension and these suggest that there is a histological pattern characteristic of this disorder. Although pulmonary artery blood pressures may range from normal to levels of the order of the systemic blood pressure in patients with atrial septal defects there have been but few descriptions of lesions in the small pulmonary blood vessels in this anomaly (Welch and Kinney, 1948; and Evans, 1951) and an examination of the pulmonary vascular histology in a group of such cases seemed likely to provide further evidence of anatomical changes occurring with pulmonary hypertension.
The development of direct methods of recording pulmonary artery pressure by cardiac catheterization or bronchoscopically and the advance of cardiac surgery have stimulated an interest in pulmonary hypertension and have made it possible to study the relation of morbid anatomical and dynamic changes in the pulmonary circulation. In recent years there have been many reports of abnormal pulmonary vessels in patients with pulmonary hypertension and these suggest that there is a histological pattern characteristic of this disorder. Although pulmonary artery blood pressures may range from normal to levels of the order of the systemic blood pressure in patients with atrial septal defects there have been but few descriptions of lesions in the small pulmonary blood vessels in this anomaly (Welch and Kinney, 1948; and Evans, 1951) and an examination of the pulmonary vascular histology in a group of such cases seemed likely to provide further evidence of anatomical changes occurring with pulmonary hypertension.
In the present investigation the pulmonary blood vessels from a small group of patients with atrial septal defects, where the pulmonary artery blood pressures were known to range from normal to severe pulmonary hypertension, were examined histologically. The anatomical changes were related to the pulmonary artery blood pressures and there appeared to be well defined histological pictures characteristic of normal and of severely raised pulmonary arterial pressure.
Method. Specimens of lung were obtained at autopsy from five patients with atrial defect whose pulmonary artery pressures had been previously recorded by cardiac catheterization. Four died following attempts to close the septal defects while the other (Case 3) died from a paroxysm of tachycardia. Sections of lung from all cases were stained to show elastic by the Lawson modification of the Weigert-Sheridan method and counterstained with van Gieson's stain. Serial sections were examined from a block of lung in Case 3.
RESULTS
The histological findings in the pulmonary blood vessels of the patients in this series are shown in Table I together with the pulmonary arterial pressures. In the patients with normal pressures (Cases 1 and 2) the media of the muscular pulmonary arteries (100 to 1000I in diameter) was thin and consisted of smooth muscle, usually not exceeding 5 per cent of the external diameter of the vessel. It was bounded by thin, unsplit elastic membranes, and the adventitia was thin. The arterioles (less than 100,u in external diameter) had no media and usually there was only a single elastic lamina between a thin adventitia and the intima. The venules were identical in structure with the arterioles. There was no thrombosis and the degree of intimal sclerosis was less than would be expected as a normal age change (Heath and Whitaker, 1955b) .
In the patients with severe pulmonary arterial hypertension the elastic pulmonary arteries were atheromatous. The muscular pulmonary arteries and pulmonary arterioles were grossly abnormal In Cases 3 and 4 many of the small muscular pulmonary arteries and the hypertensive arterioles terminated by sudden dilatation to form thin-walled vessels which were lined by a single elastic lamina and filled by what appeared to be organizing blood clot which had undergone multiple recanalization by thin-walled capillaries. Fig. 2A shows a hypertensive pulmonary arteriole of external diameter 100,u which has expanded to form a dilated thin-walled vessel, 195,u in diameter. The expanded termination of the hypertensive arterioles narrowed abruptly to form capillaries which had patent lumina about 10,u in diameter ( Fig. 2A and B) . Some of the arterioles ended normally in patent capillaries without first undergoing dilatation.
DISCUSSION
It would appear from this study that there are characteristic histological appearances in the pulmonary vasculature in atrial septal defect with normal pulmonary artery blood pressure and severe pulmonary arterial hypertension. Heath and Whitaker (1955a) reported identical findings in patients with patent ductus arteriosus and it seems, as might be expected, that these appearances are unrelated to the underlying cardiac anomaly associated with the pulmonary hypertension.
In Cases 1 and 2 of the present series of patients with atrial septal defect and in eight patients with patent ductus arteriosus reported by Heath and Whitaker (1955a) the pulmonary blood vessels were normal when there was a high pulmonary blood flow and a normal pulmonary artery blood pressure, which suggests that anatomical changes in the blood vessels of the lung do not follow directly from an increased pulmonary blood flow. Similarly Welch and Kinney (1948) studied 25 cases of atrial septal defect and found that in the 13 uncomplicated by an additional cardiac anomaly the pulmonary vascular lesions were not greater than those in a control group of comparable ages. Only one of these cases had been subjected to cardiac catheterization and the pulmonary artery pressure was found to be 35/10 mm. Hg with a pulmonary blood flow of 14 IlwW.
-'s -ki.l.. *,4*;, i 4*1 ON* group.bmj.com on June 25, 2017 -Published by http://heart.bmj.com/ Downloaded from a minute but there was no evidence that any of the 13 had pulmonary hypertension. Nine additional cases of atrial septal defect were thought to have had rheumatic involvement of the mitral valve also and, of these, eight had right ventricular hypertrophy and pulmonary vascular lesions. This led Welch and Kinney to conclude that cases with co-existing atrial septal defect and mitral stenosis had constant atherosclerotic changes in the pulmonary vessels. Although the authors thought that these changes were due to an increased flow of blood from the left atrium to the lungs via the right chambers of the heart following the obstruction at the mitral valve, it seems more likely that pulmonary arterial hypertension, which is known to be frequently associated with mitral stenosis was the wtiological factor.
The three patients in the present series in whom cardiac catheterization had demonstrated severe pulmonary arterial hypertension (Cases 3, 4, and 5) showed medial hypertrophy and severe intimal fibrosis in the muscular pulmonary arteries, and a distinct muscular media with two elastic laminm and severe intimal fibrosis in the pulmonary arterioles. Evans (1951) has described similar changes in another case of atrial septal defect complicated by severe pulmonary arterial hypertension. They have been described commonly in patients in whom severely raised pulmonary artery blood pressure has been associated with Eisenmenger's complex (Stewart and Crawford, 1933; Old and Russell, 1950; , ventricular septal defect (Heath et al., 1956) , patent ductus arteriosus (Johnson et al., 1950; Cosh, 1953; Dammann et al., 1953; Hultgren et al., 1953; , idiopathic pulmonary hypertension (Gilmour and Evans, 1946; Branwood, 1954; Aitchison and Richmond, 1955; and Heath et al., 1957) , and mitral stenosis (Larrabee et al., 1949; Henry, 1952; Hicks, 1953; Denst et al., 1954; and Heath and Whitaker, 1955b) . Furthermore, these vascular changes, which may be associated with pulmonary atheroma, medial necrosis confined to the blood vessels of the lung, dilatation of the branches of the muscular pulmonary arteries, and the development of bronchopulmonary anastomoses (Heath and Whitaker, 1956) appear to be associated with a clinical picture that is dominated by the clinical signs and symptoms of pulmonary arterial hypertension. The combination of these specific anatomical changes and this characteristic group of clinical symptoms and signs constitutes a distinct clinicopathological syndrome termed the pulmonary vascular obstruction syndrome by Cutler et al. (1954) and hypertensive pulmonary vascular disease by Heath and Whitaker (1956) .
The additional histological appearances noted in Cases 3 and 4 are probably significant, for when fluid passes through a narrow channel into a dilated vessel or a large number of channels of similar diameter under a head of pressure, the flow is immediately slowed and the pressure diminished. Thus in the present case, blood at the severely raised pulmonary artery blood pressure in the muscular pulmonary arteries and pulmonary arterioles narrowed by intimal fibrosis entered dilated terminations containing numerous channels and this probably resulted in lowering of the pressure and slowing of the pulmonary blood flow at these points.
Vessels below 100l in diameter with a distinct muscular media, such as have been described as characteristic of pulmonary arterial hypertension in a preceding paragraph, do not have the same significance when seen in the neonatal period. Civin and Edwards (1951) have pointed out that such vessels occur normally in the faetal and neonatal period as the intralobular arteries, which are the developing muscular pulmonary arteries, and this has been confirmed by one of us (D. H.) in the examination of lungs from control infant cases (Heath, 1956) . It needs to be stressed, however, that severe intimal fibrosis never occurs normally in the lung in the neonatal period and is indicative of pulmonary arterial hypertension. Specimens of lung were obtained at autopsy from five patients with atrial septal defect whose pulmonary artery blood pressures had been previously recorded by cardiac catheterization. A close relationship was found between these pressures and the histological appearance of the small pulmonary blood vessels.
The pulmonary blood vessels were normal in two patients with normal pulmonary arterial pressure but increased pulmonary blood flow. In three patients with pulmonary hypertension there was medial hypertrophy and severe intimal fibrosis in the muscular pulmonary arteries (100 to lOOO,u), and a distinct muscular media with two elastic laminx in the pulmonary arterioles (< 100,t).
In two patients the hypertensive arterioles terminated by sudden dilatation to form thin-walled vessels that were lined by a single elastic lamina and filled by what appeared to be organizing blood clot which had undergone multiple recanalization. It is considered that such an anatomical structure is of significance in producing a local lowering of pulmonary artery blood pressure.
